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[title of the Invention] 
Distribution Phase Shifter* 
[Abstract] 

[Constitution] 

Arc-shaped sliding section (5a, 5b) is slid onto an output side strip conductor 2 via an 
insulator 4a, wherein output ends of the output side strip conductor are both ends of 
circular ring which is partially open. High-frequency signals that are input from input 
side strip conductor 3 go through an arm 5c, and are distributed to both directions of the 
output side strip conductor via insulator 4a at sliding section (Sa^ 5b) with phase that is 
corresponding to rotational angle of the arm 5c, and then respectively reach the output 
ends. 

[Effects] 

According to this invention, distribution phase shifter* 1 can be made smaller and lighter, 
and manufactured easily. In addition, since power distribution can be done with same 
constitution as phase shifting, the number of parts is fewer than when they are done 
separately, and reliability is higher. 
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(S7}Abstfacr 

CONSTITUTION: Arc«shaped pfecG3 5a ond 5b slide with insulator 4o dong an opea 
ring-shaped output side conductor Z and output terminals ore provided on both 
ends of soid conductor, High frequency signals fed from the Input &'de conductive 
strip 3 ore conducted through arm 5c, and distributed by sliding pieces So and 5b to 
two opposfng ends of the output side conductor 2 via insulator, with the signals' 
phase corresponding to the rotational angle of arm 5c, before reaching the output 
terminob. 

EFFECT; The invention provides a smaller, lighter, simpler to produce distribution 
phase shifter 1 . It olso provides power distribution and phase shifting within the same 
structure, thus requiring much fewer ports and resulting in greater reliability then 
when performing these functions seporotely. 

1 Distribution phase shifter 

2 Output side conductive strip 

3 Input side conductive strip 

5 Conductor sliding unit 

6 CompensoHng conductor strip 

7 " Substrote 

Clolms 

Claim 1: A distribution phase shifter comprising: 

An opea ring-shoped output side conductive strip, with output terminals at 
both ends of sold conductive strip, 

an input side conductive strip, wherein one end Is fixed of the center of the 
rocfius of the afore-mentioned ring. 

a conductor sBding unit, including on orc-^oped sliding portion with a 
radius approximately equal to that of the ofore-mentloned ring, on arm with length 
approximately equol to the radius of the afore-mentioned ring and exteriding 
perpendicuioriy from the center of said sliding portion toward the radius of 
cun/oture; 

further characterized in that: . 

one end of said arm Is rototable around the center of the radius of sold ring. 
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dnd an Imulotor i$ provided between soid output side conductive strip and 
the arc-shaped sliding portioa as well as between said input side conductive strip 
and the arm. 

aolm 2: Olstribuflon phase shifter according to Clolm 1, characterized In that an 
additional conductor strip serving as an Impedance compensator Is attached to 
part of soid input side conductive strip. 

Defoiled Explanation of the Invention 
Technical Field of the Invention 

(0001) The present invention relates to a distribution phase shiifter which combines 
high-frequency power distribution ond continuous phase shifting of the distributed 
signols. With this distribution phase shifter, one con create a variable phase shifting 
power supply capable of continuously changing the beam tilt angle (directivity) of 
an orroy Qntenna. 

Prior Art and Problems the Invention Is to Solve 

(0002) Traditionally, changing the beam tilt angle of an array ontenna has Involved 
(physicoily) changing the lertgth of a transmission line, through wnlch high frequercy 
signols, distributed by a power divider, ore fed into each component of the array 
antenna. This operation makes It possible to chonge the phase map of the high 
frequency electric current fed Into the array antenna. 

(0003) In o power supply requiring physically chonging the tronsm-ssion lines, any 
attempt to shift phase must include the fdlowing time-consuming ond tedious 
operation. If the power supply is situated outdoors, for example: Remove the water- 
proof shielding, disconnect the transmission lines, shorten them or replace them with 
longer transmission lines, reconnect the lines, and replace the shleldng. , 

(0004) Another woy to change on array antenna's beam tilt angle is to keep the 
length of the transmission lines unchonged, but to ploce o phase shifter between • 
the power divider and the array ontenna. In a power supply using such a phase 
shifter, a number of switches and transmission lines are required to shift phase 
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contlnuousfy or in small increments which In turn adds to tne overoll cost and size of 
The unit. Furthermore, such switches contain mechonlcol connections thot may 
wear and tear over time, causing intermodulatlon ond/or noise. 

(paoSi The object of the present invention is to prov;de a distribution phose shifter 
that overcomes the technical problems presented above, through a simpler and 
more relioble structure that Is capable of shifting phase continuously. 

Meons for Solving the Problems 

P006) In view of the foregoing bac*kground it la therefore an object of the present " 
invention to provide a distribution phase shifter described In Qaim 1. comprising on 
opea ring-shaped output side conductive strip with output terminals ot both ends of 
sold conductor; on Input side conductive strip, one end of which is faed at tne 
center of the radius of the afore-mentioned ring; a conductor sliding unit. Including 
on orc-shoped sliding portion whose radius Is approximately equal to that of the 
ofore-mentioned ring, on orm approximately the some length os the radius of the 
ofore-mentloned ring and extending perpendiculorty from the center of said sliding 
portion toward the radius of the curvature; and distribution phase shifrer further 
characterized In that one end of said arm rotates around the center of the rodius of 
sold ring, end on insulator Is provided at least between sdd output side conductive 
strip and the orc-shoped sliding portioa as weO as between sold input side 
conductive strip and the arm. 

(0007) Such distribution phase shifter may hove on additional conductive strip 
serving as on Impedance compensator attached to part of the input side 
conductive strip (Clolm 2). 

Operation of the Invention 

(P008) In accordance with Calm 1 above, power Is distributed by sending hign 
firequency slgnds from the input side conductive strip to the conductor sliding urit 
and dividing them gt the (orced) sliding portion In opposite directions so ttie high 
frequency sfgnols reach each output terminal through the Insulator. Furthermore, 
since the location of the (arced) sliding portion and distance from the output side 
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conductive strip to each output terminal is dependent on the orm's angle« such 
locotion and distance can be changed by rotating the arm, thereby providing the 
ability to freely ocflust the phase difference of high frequency signals between the 
two output terminals of the output side conductive strip. 



(0009) Furthermore, the present Invention In occordance with Claim 2 allows the 
input side conductive strip to compensate ond motch the copacitonce which exists 
between the conductor ond ground. 

Descifptlon of the Preferred Embodiments 

(0010) The present Invention shell now be explained more fully by referring to the 
accompanying drawings in which a preferred embodiment of the invention Is 
shown, fig. 1 Is a perspective view of distribution phase shifter 1 . Distribution phase 
shifter 1 has a long norrow input side conductive strip 3 placed on o dielectric 
substrate 7, on opea ring-shoped output side conductor 2, where one circulor end 
of input side conductive strip 3 is positioned at the center of the ring-shaped output 
side conductive strip 2 (shown os center axis A). Furthermore, another conductive 
Strip 6 with a wavelength of slightly more than K/2 represents wavelength), serving 
OS on impedance compensator, is attached to the circular end of Input side 
conductive strip 3. Strip conductor 6. serving as on impedance compensator. Is 
Inductive in nature for compensating the capacitance that may orise between one 
end of input side conductive strip 3 and ground. An onchor-shoped conductor 
sliding unit 6 is provided so that the main a)ds 6c of the onchor-shoped unit (referred 
to hereafter as the ''arm") Is rotatoble at one end (e.g.. the end of the anchor 
connected to the rope) around central axis A of the afore-mentioned ring. Ports 5a 
and 5b that slide olong output a'de conductive strip 2 namely the hooked portions 
on the right and left sides of the anchor, each has o length of X/4. And high 
permittivity insulators 4a ond 4b (such as polyethelene flouride commonly used for 
RF tronsmission lines) ore provided between conductor sliding unit 5 ond input side 
conductive strip 3. as well as between conductor diding unit 5 and output side 
candudivestrip2. 
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(001 1) The width of input side conductive strip 3 is selected so that Input side 
conductive strip 3 has surge fnnpedance of 50 and the width of output side 
conducth/e strip 2 is selected so that the output side conductive strip 2 hos a surge 
impedance of 1 00 Q. Such structure allows high frequency signals coming from 
Input side conductive strip 3 to be coupled through the Insulotor 4b having o high 
permittivity to arm 5c of the conductor sliding unit 5, and reach the right and left 
ends of the sliding portions 5a and 5b located ot the ends of the sliding unit. These 
signals ore then coupled from the right and left.ends of dlding portions 5a and 6b to 
output side conductive strip 2 through insulator 4a having a Ngh permittivity. 
Impedance motcNng is achieved by atlov^'ng some degree of inductance in sold 
orm 6a so that the inductance xa^II resonate with tne reactance of high permittivity 
insulators 4a and 4b. This creotes c flat parallel transmission poth on the right and 
left ends of sold sliding portion 5o and 5b insulated by high permittivity insulators 4a 
and 4b/ and since each transmission path is selected to hove a length of it 
effectively connects orm 5c of conductor sliding unit 5 with output side conductive 
strip 2 at the center of sliding portions 5a ond 5b. 

(Q012} The impedance of output side conductive strip 2 from the perspective of 
orm 5c of the conductor sliding unit & would be.50 Q. because the two output side 
conductive strips 2 each with o surge impedance of 100 £i ore coupled in parallel. 
Therefore, the impedance on the input and output sides ore matched. If conductor 
sliding unit 5 Is rotated to the left at 8 degrees from center, the output phase 5u on 
the left side of output side conductive strip 2 would be: 
& = (2n/XE)r9 

Where )x\ propagation wavelength of output side conductive strip 2 
r: radius of the arm 

And the output phose on the right side of output side conductive strip 2 would be: 
&«s-(2}c/X€)re 

(0013) Thus, one con obtain o specific phase difference 8/using cTistribution phose 
sNfter 1. by rotofing tt^e conductor sliding unit 6 by on amount <Jn degrees) equal to: 
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Rg. 2 shows a schematic diagram of a ^-output variable phase shifting power supply 
composed of three units of said distribLftion phase shifter 1 (i.e., using fl5t, second 
end third distrlbuNon phase shifters). In this dlagrara terminal 1 1 of the Input side 
conductive strip 3 on the first disfribuffon phase shifter lo receives power, end the 
two opposing ends of the ring-shaped output side conductive strip 2 of the first 
distribution phase shifter la are connected to the Input terminals of the input side 
conductive strips 3 of the second and third distribution phose shifters 1 b and 1 c. 
Furthermore, the hvo opposing ends of ring-shaped output side conductive strip 2 on 
the second distribution phose shifter 1 b ore connected to power supply terminals 12 
and 13 respectively, and likev^se the two opposing ends of the ring-shaped output 
side conductive strip 2 on the third distribution phase shifter Ic are connected to 
power supply terminals 1 4 and 1 5 respectively. 

(Q014J In the 4output variable phose shifting power supply described above, one 
can provide a specifically sloped phase difference at output termlnols 12, 13, 14, 
and 15, or more spedfically con achieve output phoses of 3& 5, -S, and -35 
respectively, by rotating the conductor sliding unit of the first distribution phase shifter 
la at 29 degrees, and at 9 degrees on the second ond ttiird distribution phase 
shifters lb and Ic. Thus, the 4-output variable phase shifting power supply desaibed 
In the above embodiment Is capable of shifting power phase at each terminol, 
while distributing equolly the high frequency input signals, making It possible to 
continuously change a beom tilt ongle of an oaoy antenna, to which the signals ore 
fed. Moreover, noise ond/or intermodulation caused by dlding action con be 
prevented, because the sliding portions contain no metal joints. 



(0O15) Next, the impedance matching technique shall be explained as follows: The 
constitution of a multi-output vorlaWe phase shifting power supply using a plurorlty of 
sold distribution phase shifter 1 poses a difficulty for phose matching at the output 
side, because the surge impedance of output side conductive strip 2 Inaeoses os 
more distribution phase shifters are added. Therefore, the following technique is 
used to match the impedance of ftie input and output sides: 
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(0016) In Fig. 3. a 50-Q line LI is provided on the Input side, ond on impedance 
transformer L2 with a lengfh of X/4 is Inserted. The Impedance of transformer 12 con 
be selected so: 

(25X50)*/2 = 35Q 

In Fig. 4 o lOO-fl line is used for the output side conductive strips L3 and L4, and 
each line is connected to Impedance transformer U and L7 with lengths of X/4 
respectively. The impedance of the transformers L4 and L7 con be selected so; 
(50X100)»'i = 70Q 

(0017) The present invention may be embodied In many different forms and should 
not be construed as limited to the embodiments set forth herein. For instance, the 
length of the right and left sides of sliding ports 5a and 5b, upon which a flat parallel 
transmission path Insulated byj'nsulotor 4a with high permittivity is erected, has a 
length of X/4 in the embodiments, but can be selected as 3 X/4, or 5 X/4. etc. 
Furthermore, other various chonges can be made without altering the main 
Intention of the present Invention. 

Effect of the Invention 

(0018) Thus, OS described In Claim 1« the present Invention provides o distribution 
phose shifter that Is smaller and simpler to manufacture (compared to o 
conventional phase shifter), by structuring it with the use of strip \ine% etc. In 
odditioa it can perform both power distribution ond'phose shifting within a single 
structure, thereby reducing the number of ports and producing greater reliability 
compared to performing these functions separotely. Furthermore, since It contains 
no metal joints, contoct problems can be minimized. 

(001 9) Furthermore, it con be very usefUL when forming a variable phase shifting 
power supply with a plurority of said distribution phase shifters, as a feeder for array 
antennas installed in non-stotionory situations, such as mobile telecommunications 
stations. In accordance with the distribution phase shifter described in Ooim 2 on 
additional conductive strip is provided as on Impedonce compe.nsotor on the input 
side conductive strip, to enoble the input side conductive strip to compensate and 
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match the capacitance that may orlse between sold conductor strip and ground, 
thereby preventing distribution loss. 

Brief Descriptjon of Ihe Drawings 

Fig. 1 is a perspective view shov/ing the major ports of the distribution phase sWfter In 
one of the embodiments of the present Invention. 

Pig. 2 is a schematic diagram showing a variable phose shifting power supply 
comprising three distribution phose shifters. 

Rg. 3 is a schematic diagram showing a distribution phase shifter having on 
Impedance transformer for Impedance matching on the input side. 

Fig. 4 Is a schematic diagram showing o distribution phase shifter having Impedance 
transformers for impedance matching on the output side. 

Explanotion of Codes 

1 Distribution phase shifter 

2 Output side conductive strip 

3 Input side conductive strip 
4a 4b Insulator with high permittivity 

5 Conductor sliding unit 

6 Conductive strip serving as on Impedance compensator 

7 Substrate (only shown In Rg. 1) 

Continued from the front page: 

(72) Inventor: HoruklMIta 
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